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Abstract 
According to the forthcoming ICB4, project manager’s competencies include delivery management encompassing such 
elements as managing stakeholders, scope, time, cost and risks. Competence development is based on knowledge and 
experience from applying this knowledge in practice. However, most College/University courses related to construction are by 
and large confined to traditional class teaching delivery methods.  In the past various attempts have been made to integrate 
different technologies (such as multimedia) to teaching delivery; in this paper we examine simulation modeling in particular as 
a tool for construction project manager c*ompetence development. For this purpose, a simulation system used for productivity 
analysis of a complex infrastructure project is utilized as a learning vehicle. A class of volunteer students, in addition to 
attending theoretical classes, has been trained in the use of the system and by using it in the elaboration of particular 
construction situations. The whole process has then been evaluated using ICB3 taxonomy analogies and Kirkpatrick’s 
hierarchical model (in lack of a comprehensive ICB4 taxonomy). The findings reveal distinct benefits accruing from this 
approach which relate to better comprehension of knowledge, increased problem-solving abilities, better decision making and 
achievement of a welcoming by the students learning experience. A different class of seasoned construction managers also 
reported positively after using the system. This denotes the applicability of the approach to different competency levels and 
corroborates further ICB4’s ideal for lifelong learning. 
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1. Introduction 
The construction management discipline has been long searching for the correct paradigm in construction 
education and training that would enable the development of competence for construction management personnel 
(Bernold, 2005). The challenge in contemporary educational programmes is the achievement of balance between 
the teaching of theoretical concepts (Schexnayder & Anderson, 2011; Vorster, 2011) and the integration of 
different technologies to teaching delivery (Geodert et al., 2011; Sampaio et al., 2010). In a similar manner, the 
same issues apply for the establishment of training programmes that aim at developing professional competences of 
construction project managers (Zhang et al., 2012). This reality is further enhanced under the prism of the 
forthcoming ICB4, where the four major competence groups (i.e. strategy management, leadership behavior, 
organization and environment and delivery management) call for multi-skilled project managers, who are able to 
efficiently apply the concepts of modern project management (ICB4, 2012). Therefore, it is important to adapt 
teaching methods and techniques, so as to serve the dynamically changing nature of the project management (PM) 
discipline (Bredillet et al., 2013). In that sense, it is believed that the application of advanced technology tools for 
teaching or training construction project managers is an integral part of the competence development process (Soria 
et al., 2013). As such, this study explores the application of simulation modeling as a tool for construction project 
manager competence development. More specifically, a recently developed simulation platform named CaissonSim
(Pantouvakis & Panas, 2013) targeted at analyzing the productivity of complex infrastructure projects has been 
utilized as the learning vehicle. The aim of the research is the assessment of the system’s impact in enhancing 
competences related specifically to the delivery management group of ICB4, which comprises elements such as 
managing stakeholders, scope, time cost and risk. The study objective is served by introducing two groups of 
trainees (i.e. final-year students and experienced construction managers) to the specifics of the simulation platform 
and, subsequently, evaluating the developed learning thresholds along specific criteria, such as project management 
success and management of scope and deliverables. 
The structure of the paper is as follows: First, background information on pertinent research on construction 
project management education and training is going to be provided, followed by a concise description of the 
applications of simulation as a delivery tool for competence development and a review of training programmes 
evaluation methods. Then, the research methodology is going to be delineated and, subsequently, the case study 
results will be presented. Finally, the discussion of the results along with the main emerging inferences will 
conclude the study.   
2. Background 
This section presents a review of pertinent research related to construction education and training. The first 
paragraph summarizes the current state of construction management education paradigm, whereas the second 
provides a brief review on the training approach of construction managers. Finally, a review of the published 
research in simulation modeling for education and training purposes, as well as a concise description of training 
evaluation methods concludes this section. 
2.1. Construction management education paradigm 
The current state of education in construction management is heavily based on traditional class teaching, which 
is not learning-centered, thus inhibiting the use of educational methods that stimulate student learning (Bernold, 
2005). Most educational programmes offer students a balance between exams and coursework in construction 
technology and management philosophy and practice, with additional input from other disciplines, to provide 
candidates with the skills and experience needed to successfully negotiate the terrain upon graduation (Russell et 
al. 2007). However, leading professional engineering institutions, such as the American Society of Civil 
Engineering have acknowledged that “a bachelor’s degree is becoming inadequate for licensure and practice of 
civil engineering at the professional level – that a new model for civil engineering education is needed to prepare 
practitioners for increasing complex work in which they will be engaged in the 21st century” (ASCE, 2007). Thus, 
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there is a critical need for a better educational vision to support the development of contemporary construction 
managers (Bredillet et al., 2013; Vorster, 2011). In view of the fact that construction management is related to a 
series of construction activities throughout the project delivery process, the construction manager is going to 
influence design, support construction means and methods decisions, create a safe and productive construction 
environment and seek to avoid and solve the engineering issues associated with project delivery (Schexnayder & 
Anderson, 2011). Therefore, it is imperative to understand the critical role of construction managers in delivering 
projects which provide societal benefits and improve the sustainability of the built environment (Soria et al., 2013).  
2.2. Further training and competence development of construction project managers 
Training and development is defined as a process of developing work-related knowledge and skills in 
employees for the purpose of improving performance systematically (Tabassi & AbuBakar, 2009). Training may 
take place at the work site (on-the-job training) or at a remote location (off-the-job training). The former is well 
suited for acquiring technical skills through job rotation or understudy assignments, whereas the latter is better 
suited for developing interpersonal or problem-solving skills (e.g. classroom lessons, films, simulation exercises) 
(Tabassi & AbuBakar, 2009). The results of a training programme can be both short-term or long-term, depending 
on the content of the training and the personality features of the trainees (Clarke, 2010). On any case, as with 
educational programmes, the exact training needs and objectives must be clearly delineated prior to teaching 
project managers about any pre-conceived views of PM theory and practice (Bredillet et al., 2013).  
In addition, in the last years, the performance-based competency standards rather than knowledge standards 
have been widely adopted as a basis for assessing and credentialing construction project managers (Zhang et al., 
2012). This study adopts the forthcoming ICB4 as the preferred competence standard, as it has been recently 
developed and incorporates the latest developments in PM context (e.g. ISO 21500). The ICB4 standard comprises 
four major groups: “strategy management”, “leadership behavior”, “organization and management” and “delivery 
management”. This study is focused on the last group, since it comprises elements which have been found to have 
significant impact on project success such as time, risk and scope (Zwikael, 2009). Furthermore, Tatum (2011) 
identified technical expertise, construction materials, construction-applied resources and field construction 
operations as the core elements of construction management competence for project and career success. 
2.3. Simulation as a tool for construction education delivery 
Current education practices in construction have been criticized for not providing construction operatives with 
the skills to solve “real-world” problems or to apply theoretical concepts in practice, which results in questioning 
either the effectiveness of the studied problems or the applied methodologies (Rojas & Mukherjee, 2005). This 
realization has moved several researchers to explore alternatives, where problem solving is carried out in 
conjunction with the environment by introducing the use of multimedia (Shelbourn et al., 2001) or technology-
based tools (Ellis et al., 2004) as education and training delivery methods which essentially support lifelong 
learning (Wall & Ahmed, 2008). In this sense, simulation modeling has been long used for education and training 
purposes in the discipline of construction management. For example, Jaafari et al. (2001) developed an interactive 
system for teaching construction management (VIRCON), whereas another simulation environment called “Virtual 
Coach” has been developed to enable “what-if” analysis of construction scenarios (Rojas & Mukherjee, 2005). 
More recent approaches comprise the learning framework developed by Goedert et al. (2011) which is used for 
virtual interactive construction education (VICE) purposes. Finally, Sampaio et al. (2010) combined virtual reality 
techniques and three-dimensional modeling and introduced it to engineering classes, in order to analyze 
construction processes. 
In view of the aforementioned findings, a newly developed simulation platform has been used for educating and 
training construction management personnel. The platform is named CaissonSim and its development was targeted 
at analyzing complex construction operations of infrastructure projects, with a focus on the construction of floating 
caissons. The system allows for the selection of different construction scenarios and the exploration of different 
time, cost and productivity outputs based on variations of basic parameters such as crews, equipment and activity 
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duration. More details about CaissonSim are provided by Pantouvakis and Panas (2013) and Panas and 
Pantouvakis (2013).  
2.4. Evaluation of educational / training programmes 
The measurement of the impact of training and development initiatives to justify respective investments and 
costs is still an open debate (Lee-Kelley & Blackman, 2012). Although a single best practice has not been 
identified, the most commonly used approach is based on Kirkpatrick’s hierarchical model (Buganza et al., 2013). 
The model encompasses four levels, each investigating different issues in a training and development program, as 
shown in Table 1 below. The aforementioned model has been evaluated along the competence elements of ICB3 in 
equivalence with the respective elements of ICB4, in lack of a comprehensive ICB4 taxonomy. More details about 
the research methodology are provided in the next section. 
 Table 1. Kirkpatrick’s hierarchical model levels. 
Levels name Levels description 
Level 1: Reaction The degree to which participants react favourably to the training. This level examines learners’ perception, in order 
to improve training and yields knowledge about whether the participants liked the training or whether it was 
relevant to their profession. 
Level 2: Learning The degree to which participants acquire the intended knowledge, skills, attitudes, confidence and commitment 
based on their participation in a educational or training event. The evaluations are conducted before training (pre-
test) and after training (post-test) to assess the amount of learning that has occurred. 
Level 3: Behaviour The degree to which participants apply what they learned during training when they are back at work. Evaluations 
at this level attempt to assess whether the training has been transferred back to the job. This evaluation should be 
performed at least 3 to 6 months after training. 
Level 4: Results The degree to which targeted outcomes occur as a result of the training event and subsequent reinforcement. This 
evaluation measures the success of the training program in terms that executives and managers can understand, such 
as increased production, increased sales, decreased costs, improved quality etc. 
3. Research methodology 
The research methodology is depicted in Figure 1 below. The methodology is depicted in the form of an IDEF0 
diagram, which conceptualizes the research approach.  
Fig. 1. IDEF0 diagram of the research approach. 
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More specifically, the input of every education and training programme are the respective objectives and needs 
to be covered. Upon the delineation of the scope, the execution of the programme is undertaken through the 
simulation platform which serves as an education and training mechanism. The ICB3 taxonomy in conjunction 
with Kirkpatrick’s hierarchical model are the controlling elements, which evaluate the effectiveness of the 
programme. Finally, the output of the programme would be the development of competence on behalf of the 
participants. The latter could, optionally, be certified according to the IPMA four-level certification system, as a 
means to objectively prove their acquired competence. In a more detailed view, taking into account Kirkpatrick’s 
hierarchical model summarized in Table 1, Level 1 reactions are measured through a participants’ satisfaction 
questionnaire that is disseminated after the training, complemented with semi-structured interviews, especially in 
the case of experienced project managers. The self-assessment of IPMA certification candidates serves as the pre-
test for Level 2 (learning) evaluation, whereas a PM-test similar to that of the written exam for the IPMA Level D 
constitutes the post-test mechanism. Level 3 behaviours are measured by comparing the frequencies of 
implementation before the training on a five-point scale ranging from 1 (much less now) to 5 (much more now). 
Finally, since results have to be measured on a long-term basis, productivity improvement is the key variable. The 
next section describes the implementation of the research methodology framework in practice. 
4. Implementation of CaissonSim for construction PM education and training 
This section describes the implementation of CaissonSim for the education and training of construction 
management personnel. First, the simulation platform’s application for educational purposes in a class of 
undergraduate students is presented, followed by the description of CaissonSim’s utilization for training of 
seasoned construction managers. Lastly, the evaluation of the results for both case studies concludes the section. 
4.1. Application for construction management students education 
The class of the volunteer students comprised twenty individuals, with basic theoretical knowledge on PM 
provided within the framework of the undergraduate curriculum. A two-day workshop was organized, where the 
first day was dedicated to the theoretical introduction of the participants to the basics of simulation modeling and 
CaissonSim’s specifics, whereas the second day was dedicated to the practical experimentation with the simulation 
platform. The class started the experimentation with the simulation platform, based on specific pre-set objectives 
which served as a general guideline for facilitating the acquiring of knowledge. For example, the participants were 
given a certain concrete delivery rate and had to optimize the assignment of project resources (e.g. crews, 
equipment, material), in order to increase, as much as possible, the utilization of the critical parameters. 
Furthermore, they were asked to assess the impact of an increased learning rate to the overall productivity of the 
operation. Additional exercises were set with the overall objective being the understanding of the significance and 
interrelated nature for managing a complex construction setting under varying environmental conditions.  
At the end of the second day workshop, the participants took a PM-test, specially designed to evaluate the 
degree of understanding of both the simulation concepts, as well as the essence of the modeled activities. The 
results indicated that the class had satisfactorily grasped the simulation modeling logic and comprehended the 
significance of the main simulation parameters. In addition, they achieved a good average score in the completion 
of the exercises, although it was proven that they lacked the statistical background to undertake an in-depth 
analysis and associate the effect of key variables (e.g. sliding rate) to overall performance. During an informal 
debriefing at the completion of the educational workshop the students expressed that the main conclusion of the 
programme is summarized to the fact that construction project management is concomitant to project monitoring 
and that solely organizing project resources is not sufficient: it is imperative for the construction manager to be 
able to dynamically adjust and fine-tune project resources, so as to match the short- or long-term objectives. The 
detailed results of the competence evaluation for the class of students will be presented in the last paragraph of the 
current section, together with the respective results for the professionals, which are described in the following 
paragraph. 
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4.2. Application for construction managers training 
The same concepts as for the class of students were applied for the group of professionals which undertook a 
two-day training with CaissonSim. The group comprised two teams of five individuals, with the following 
professions: senior project directors (2), project management consultants (2), construction project managers (4) and 
senior project design consultants (2). In a similar fashion, the first day was devoted to the demonstration of 
CaissonSim, but from a more practical point of view, since the group consisted of individuals that were neither 
willing nor capable of understanding high-level concepts of simulation modeling and analysis. The 
experimentation with the simulation platform was undertaken in two competing groups and the training process 
was divided in two different phases. The first phase was the planning stage, where the optimal combination of 
resources was set, in terms of time and cost, taking into account the constraints of a basic working scenario 
disseminated to the participants. The second phase was the project implementation where each team had to 
examine “what-if” scenarios that simulated the occurrence of disruption events, such as the shortage of key critical 
equipment (e.g. floating barge availability). The two teams responded satisfactorily to the challenges of the 
simulation experiment and they showed a strong interest for actions related to time / cost trade-off analysis and 
construction technology variation. It should be stressed that the main driver for the whole group was the 
achievement of increased productivity and profitability. In other words, the participants highlighted that their 
decisions during the simulation experiment were based on the expectancy for higher performance of the deployed 
resources. 
The group completed a similar PM-test at the end of the training cycle, as with the group of students before. 
There was no significant variation between the age of the respondents, however, younger construction operatives 
were accustomed to the simulation environment more easily than  senior staff. During the semi-structured 
interviews at the end of the training session the participants highlighted that the decision making abilities of the 
construction manager are significantly enhanced by the simulation platform. This belief was based on the fact that 
the enhanced problem-solving capabilities of the simulation platform sharpened the judgment of the trainees and 
enabled them to deal with events and respond to constraints resolution by taking corrective measures. 
4.3. Evaluation of the case studies results 
This paragraph presents the evaluation results of both the student class as well as the construction professionals 
along the logic presented in the research methodology section. Table 2 below summarizes the results of the 
evaluation according to Kirkpatrick’s hierarchical model and the ICB3 taxonomy. First, a satisfaction 
questionnaire was disseminated and completed by all trainees to assess their reaction to the education and training 
workshop. The results are irrespective of the ICB competence elements and indicated that all participants were 
satisfied with the education and training workshop. Amongst the common proposals for improvement from both 
the student groups as well as the professionals, came the suggestion that more time should be spent on the 
theoretical foundation of the simulation platform, since simulation modeling and analysis comprises of complex 
concepts that are not easily comprehended by non-experts. Moving over to the second level of the evaluation, the 
students completed the self-assessment prior to the programme initiation and their score ranged, on an average, 
between 4-5 out of 10, which is consistent to IPMA Level D candidates. The respective self assessment for the 
professionals yielded an average score of 5-6 out of 10, which is consistent with IPMA Level C or B candidates. 
The post-training evaluation was based on the PM-tests of both groups of trainees, as described in the previous 
section. The main inference is that the group of students stressed the importance of the project monitoring function, 
whereas the group of professionals highlighted the significance of the decision making process.  
The evaluation of the competence development on the third level presents the most significant challenge of a 
training program. It essentially expresses the transformation of the provided training to a change in the resulting 
behavior of the trainees. The evaluation is based on a five-point scale scoring ranging from 1 (much less now) to 5 
(much more now), as already mentioned. It should be noted though, that the student group is evaluated based on 
the trainees’ perceptions enhanced by the input of their academic supervisors, since it is not possible to evaluate 
the degree of application of a behavioural pattern in an actual setting. On any case, the results for the students 
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group indicated that the most significant improvement was observed for the management of time and cost. 
Moreover, the student group realized the importance of managing risks and the scope, in terms of the boundaries 
and deliverables of the project. In a similar fashion, the group of professionals also highlighted the importance of 
scope management and risk mitigation. In addition, the professionals stressed that the establishment of the project 
management success is of paramount importance and integral part of an efficient decision making strategy, which 
relates strongly to the management of the project organization. It should be noted that the evaluation of the 
competence development on the fourth level must be undertaken at a long-term basis and, thus, is currently part of 
the ongoing research. The first inferences indicate that potentials for improvement do exist, especially given that 
the training session has contributed towards the establishment of a common way of understanding among the 
project team members. 
     Table 1. Evaluation of results for education and training of construction personnel. 
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The main research contribution stemming from this study is summarized as follows: 
• Learning vehicle: CaissonSim has served as a learning vehicle and contributed significantly in the creation of a 
situational learning environment. Both the education and training sessions indicated that the experimentation 
with the simulation platform encourages explanation and discovery. Especially in the case of the student group, 
this method may facilitate a change in the teacher’s role departing from a classical teaching paradigm towards 
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the provision of guidance into activities that embody personally meaningful and practically functional 
representations. Besides, the establishment of situational learning environments is a way of linking knowledge 
to its context, thus encouraging rich conceptual understanding through the examination of apparent paradoxes 
and unfathomable relations.  
• Competence development: The evaluation of the developed competence based on ICB’s taxonomy revealed that 
there is three-fold requirement for contemporary construction managers: they have to possess the knowledge, 
skills and attitude that will enable them to respond successfully to the project’s challenges. The decision making 
and problem solving ability is a key characteristic of efficient project management. Equally important is the 
project management success, in the sense of combining project requirements, activities and results to achieve 
the objectives and a successful outcome.  
• Educational and training programme structure: The partial differentiations of the perceptions between the 
students group and the professionals group indicated that a multilevel training architecture (Buganza et al., 
2013) may be required for the construction management discipline. In that sense, partial training programmes 
may be developed targeting project managers, project team members or project management associates and 
senior project management personnel. Thus, the managerial alignment of the training courses would be 
increased, which, in turns, fosters improvements in productivity and efficiency. 
6. Conclusions 
The objective of this paper was the development of construction managers’ competence through the 
experimentation with a prototype simulation platform. The main contribution of the research is conceptualized by 
the transformation of the learning process into a dynamic interaction of project resources within the framework of 
a situational environment. The evaluation of the education and training programmes along the ICB competence 
elements and Kirkpatrick’s hierarchical model through a series of questionnaires and tests indicated that both 
students and professionals took a positive stance towards the simulation platform. Although the homogeneity in the 
groups’ characteristics, in terms of the responsibilities, the theoretical knowledge and acquired experience was 
low, they both indicated that problem solving and decision making is very important, in order to ensure project 
success. Even though the research findings need to be further validated with more sample cases, the developed 
approach has been proven practical and useful and may be a welcome addition to current construction management 
curricula, in order to serve their purpose alongside other complementary pedagogical approaches. 
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